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A total of 4388 pigs (PIC 337 × C22; Exp. 1: 1070 gilts, initially 79 lb BW; Exp. 2: 3318 pigs, initially 170 lb BW) were used in 28-d growth assays to examine both the true-ilealdigestible (TID) lysine and threonine requirements, and then determine the appropriate TID threonine-to-lysine ratio in growing-finishing pigs from 80 to 130 lb and 170 to 230 lb. In Exp. 1, four TID lysine (0.71. 0.81, 0.91, and 1.01%) and five TID threonine (0.50, 0.56, 0.62, 0.68 and 0.74%) concentrations were evaluated. In Exp. 2, four TID lysine (0.56, 0.64, 0.72, and 0.80%), and five TID threonine (0.43, 0.48, 0.53, 0.58 and 0.63%) concentrations were evaluated. The diet with the highest concentration of lysine and second-highest concentration of threonine served as a positive control in both studies, and this diet was combined as one treatment to give a total of nine treatments in each study. Other amino acids were formulated to meet, or exceed, requirement estimates to ensure that lysine and threonine were the only limiting amino acids. In Exp. 1, increasing TID lysine tended to increase ADG (quadratic, P<0.06), with the greatest response occurring from 0.71 to 0.81%. Increasing TID lysine also quadratically increased ADFI (P<0.03) up to 0.81% TID lysine, and linearly improved feed efficiency (F/G; P<0.01), up to 1.01% TID lysine. Increasing TID threonine did not affect ADG (P>0.69) or ADFI (P>0.29), but improved F/G (linear, P<0.05), with the maximum response occurring at 0.68% TID threonine. Values of 1.01% TID lysine and 0.68% TID threonine in Exp. 1 suggest an optimal TID threonine-to-lysine ratio of 67% for F/G. In Exp. 2, a treatment × gender interaction was observed for F/G (P<0.02). This was because gilts had a greater response to increasing TID lysine, whereas barrows had a greater response to increasing TID threonine. In Exp. 2, increasing TID lysine improved ADG (linear, P<0.05) in gilts and barrows (P<0.07), and improved F/G (linear, P<0.01) in gilts, as the TID lysine concentration increased to 0.72%. Increasing TID threonine improved ADG and F/G (linear, P<0.04) in barrows and increased ADG and ADFI (linear, P<0.06) in gilts as the threonine concentration increased to 0.48%. Values of 0.72% TID lysine and 0.48% TID threonine in Exp. 2 suggest an optimum TID threonine-to-lysine ratio of 67%. The practical TID threonine-to-lysine ratio suggested by this study for pigs from 80 to 130 lb and from 170 to 230 lb is 67%. Further research is needed to verify these results and evaluate the economics of feeding higher threonine concentrations.
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Introduction
The National Research Council (NRC) suggests a dietary TID threonine concentration of 0.43% for a 80-to 130-lb pig and 0.34% for a 170-to 230-lb pig. The NRC also estimates dietary TID lysine concentrations of 0.66% and 0.52% for 80-to 130-lb and 170-to 230lb pigs, respectively. This calculates to TID threonine-to-lysine ratios of 65% and 67% over the respective weight ranges. Lysine is considered the first-limiting amino acid, with threonine or methionine being second-limiting in corn-soybean meal diets. As increasing inclusion rates of crystalline amino acids become more cost effective, it is essential to understand the proper ratios, relative to lysine, required to promote optimal growth performance during different growing periods. When adding more than 0.15% L-lysine HCl to the diet, supplementation of both methionine and threonine also will be needed. The objective of this experiment was to determine the optimal ratio of threonine to lysine in diets to maximize growth performance of pigs in the late-growing and early-finishing phases. To achieve our objective, two trials were run simultaneously within each experiment, to determine a lysine and threonine requirement, and then to determine a TID threonine-tolysine ratio from each experiment.
Procedures

General
Procedures used in these experiments were approved by the Kansas State University Animal Care and Use Committee. Both trials were conducted at a commercial swine research facility in southwestern Minnesota. The facility is made up of four individual barns, each 41 × 250 ft, with 48, 10 × 18 ft, totally slatted concrete pens. Each pen was equipped with a four-hole dry self-feeder (Staco, Schaefferstown, PA) and a one-cup waterer to allow ad libitum access to feed and water. The finishing facilities were double curtain-sided, deep-pit barns that operated on manual ventilation during the summer and on automatic ventilation during the winter. Pigs and feeders were weighed on d 0, 14, and 28 to determine the response criteria of ADG, ADFI, and F/G. From previous lysinetitration studies conducted in these same facilities, we estimated the pigs' actual lysine requirement over their respective weight ranges and used this as the third-highest lysine concentration in both experiments.
Experiment 1
A total of 1070 gilts (PIC 337 × C22, initially 79 lb BW) were blocked by weight in a 28-d growth assay. They were randomly allotted to one of eight dietary treatments in a randomized complete-block design, with the diet containing the highest lysine and secondhighest threonine concentrations combined as one treatment to give a total of nine treatments. Each pen contained approximately 27 ± 1 pigs per pen and five replicates (pens) per treatment, with the number of pigs balanced across treatments. Experimental diets were based on corn-soybean meal (Table 1) and were fed for 28 d in meal form. The positivecontrol diet was formulated with the highest lysine (1.01%) and second-highest threonine (0.68%) concentrations. In formulating the remaining diets, either L-lysine HCl or Lthreonine replaced corn. L-lysine HCl was added to provide 0.71, 0.81, 0.91, or 1.01% TID lysine. The diets for the threonine trial were set at 1.01% TID lysine, and crystalline L-threonine was added to obtain 0.50, 0.56, 0.62, 0.68, or 0.74% TID threonine. The values used in diet formulation and TID values were based on those published by the NRC.
Experiment 2
A total of 3318 pigs (PIC 337 × C22, initially 170 lb BW) were blocked by weight and sex in a 28-d growth assay. They were randomly allotted to one of eight dietary treatments in a randomized incomplete-block design. Each pen contained approximately 24 ± 2 pigs per pen. Three barns were used, two with four complete replications (two barrow and two gilt), and two incomplete blocks. The 0.56%-TID-lysine treatment was deleted from the middle block of barrows in one barn, whereas the 0.64%-TID-lysine treatment was deleted from the middle block of barrows in the other barn because of a shortage of pigs. The 0.53%-TID-threonine treatment was deleted from the middle block of gilts in one barn, and the 0.64%-TID-lysine and 0.63%-TID-threonine treatments from the middle block of gilts in the other barn. The third barn contained five complete replications of gilts. Thus, there were 14 to 16 replications of each treatment. Diets were based on corn-soybean meal ( Table 2 ) and were fed in meal form for 28 d. The positive-control diet was formulated with the highest TID lysine (0.80%) and second-highest TID threonine (0.58%) concentration. In formulating the remaining diets, either L-lysine HCl or L-threonine replaced corn. L-lysine HCl was added to provide 0.56, 0.64, 0.72, or 0.80% TID lysine. The diets for the threonine trial were set at 0.80% TID lysine, and crystalline L-threonine was added to obtain 0.44, 0.48, 0.53, 0.58, or 0.63% TID threonine. The values used in diet formulation were based on those published by the NRC.
Statistical Analysis
Data were analyzed as a randomized complete-block design by using the PROC MIXED procedure of SAS, with pen as the experimental unit, in Exp. 1, and as a randomized incomplete-block design in Exp. 2. Linear and quadratic polynomial contrasts were performed to determine the effects of increasing dietary lysine and threonine in both experiments.
Results and Discussion
Experiment 1
Increasing dietary TID lysine increased ADG (linear, P<0.04; quadratic, P<0.06; Table 2), with the greatest response occurring from 0.71 to 0.81% TID lysine. Increasing TID lysine increased ADFI (quadratic, P<0.03), with pigs fed 0.81% TID lysine having the greatest intake. Increasing TID lysine also improved F/G (linear, P<0.01), with the maximum response for F/G occurring at 1.01%.
Increasing dietary TID threonine did not affect ADG (P>0.69; Table 3 ) or ADFI (P>0.29), but did improve F/G (linear, P<0.05), with the best F/G occurring at 0.68% TID threonine. Using 1.01% TID lysine for F/G, this results in a TID threonine-to-lysine ratio of 67%.
Experiment 2
A treatment × gender interaction was observed for F/G (P<0.02; Table 4 ). This was because TID lysine improved F/G in gilts, whereas TID threonine improved F/G in barrows. No other interactions were observed (P>0.10).
Increasing TID lysine increased ADG (linear, P<0.01; Table 4 ), tended to increase ADFI (linear, P<0.07), and improved F/G (linear, P<0.04). In gilts, increasing TID lysine increased ADG (linear, P<0.05; Table 4 ) and F/G (linear, P<0.01), but did not affect ADFI (P>0.49). In barrows, increasing TID lysine tended to increase ADG (linear, P<0.07; Table 4 ) and increased ADFI (linear, P<0.01), but had no affect on F/G (P>0.80). Although the response to lysine was linear, ADG was maximized and F/G was minimized at 0.72% TID lysine in barrows and at 0.80% in gilts.
Increasing TID threonine improved ADG (linear, P<0.01; Table 5 ) and F/G (linear, P<0.01), but did not affect ADFI (P>0.20). Increasing TID threonine increased ADG (linear, P<0.05; Table 5 ) for both barrows and gilts. Increasing TID threonine tended to increase ADFI (linear, P<0.06) in gilts, but did not affect ADFI in barrows (P>0.84). Increasing TID threonine improved F/G (linear, P<0.01; quadratic, P<0.08) in barrows, but did not affect F/G in gilts (P>0.38). Although the response to TID threonine was linear, the greatest response to threonine occurred by increasing TID threonine from 0.43 to 0.48%. If 0.48% TID threonine and 0.72% TID lysine are used as the requirements, a TID threonineto-lysine ratio of 67% seems optimal according to results of Exp. 2.
To further verify our threonine-to-lysine ratios, as suggested by the performance data, the range of F/G values obtained in Exp. 1 and the ADG and F/G values obtained in Exp. 2 were used in regression analysis to predict the TID lysine and threonine requirements and, thus, a ratio for different rates of ADG and F/G. Because there was no ADG response to additional threonine in Exp. 1, ADG values could not be used in the regression analysis to determine a threonine-to-lysine ratio for ADG. Figures 1 and 2 show TID lysine and threonine concentrations plotted against F/G values for Exp. 1; Figures 3, 4 , 5, and 6 show TID lysine and threonine concentrations plotted against ADG and F/G values for Exp. 2. A trendline was added to each graph, resulting in a regression equation. On the basis of regression equations, a threonine-to-lysine ratio necessary to achieve a given ADG or F/G can be determined. Feed efficiency was maximized at a threonine-to-lysine ratio of 74% in Exp. 1, but more than 96% of the maximal response can be achieved by using a threonine-to-lysine ratio of 60% (Table 6 ). In Exp. 2, ADG is maximized at 77%, whereas F/G is maximized at 72% (Table 7) . In 170to 230-lb pigs, 95% of the maximal response can be achieved by using a threonine-to-lysine ratio of 70%.
The greater TID lysine requirement found in Exp. 1 is probably due to increased proteindeposition rates of modern genetics and because only gilts were used in this study. The greater threonine requirement found in our studies provides some validity to the proposed greater maintenance requirement for threonine of grow-finish pigs compared with that for nursery pigs and, when expressed as a ratio relative to lysine, is similar to NRC recommendations. Our data suggest that barrows respond more favorably to higher threonine concentrations than gilts do. This is reasonable, considering that barrows decrease in lean deposition rates sooner than gilts and, thus, would have a greater maintenance requirement at a similar body weight. The practical TID threonine-to-lysine ratio suggested by this study for 80-to 130-lb and 170-to 230-lb pigs is 67%, even though a statistical response to higher concentrations of threonine was observed. The 1.01% TID lysine treatment is also shown as the 0.68% TID threonine treatment in Table  3 . The range of feed-efficiency values were plotted against TID lysine and threonine concentrations in the experiment to determine TID lysine and threonine concentrations necessary to achieve a given feed efficiency, and to calculate a TID threonine-to-lysine ratio (Exp. 1). b Regression equations of y = -1.228230891x + 3.761695692 and y = -2.34693878x + 6.03265306 were used to determine lysine and threonine requirements, respectively, for the range of feedefficiency values from Figures 1 and 2. The range of ADG and feed-efficiency values as observed in Exp. 2 were plotted against TID lysine and threonine concentrations used in the experiment to determine TID lysine and threonine concentrations necessary to achieve a given ADG or feed efficiency, and to calculate a TID threonine-to-lysine ratio (Exp. 2.920 2.940 2.960 2.980 3.000 3.020 3.040 3.060 3.080
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